[FIGURE 2 IN HERE] 1 2
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The first layer starts with an inventory. The ideal would be to gather all available 5 spatially-explicit data on the biophysical and social systems of interest. Data could 6 include landcover classes, information on climate and soils, demographic, infrastructural 7
and institutional variables, knowledge of resource use, etc. This information provides a 8 backdrop for the ecosystem services that might be of interest, but also is used in 9 developing the models that underpin other layers that characterize ecosystem services 10 (below). For example, knowledge of landcover, road layout and forest governance, might 11
shed light on the use of forest for providing timber and might also underpin a predictive 12 model of rates of extraction of non-timber forest products (NTFPs; Ahrends, 2005) , and 13 timber-based products (Ahrends et al., 2010) . In VtA, this initial stage included 14 workshops to update existing landcover maps, interviews of government, NGO and 15 academic stakeholders, and using past research to identify the focal ecosystem services 16 for the project. From stakeholder engagement and expert opinion gathered across three 17 continents we determined that Valuing the Arc (VtA), given the resources available, 18
should focus on five categories of services and benefits -carbon, water, timber and 19 NTFPs, pollination and biodiversity. Each category contains a suite of services and 20 benefits for which spatially explicit data was sought for the inventory layer (Table 1) . 21 
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Wherever possible these datasets were mapped to explore spatial interactions between 2 datasets, highlight the social context of the biophysical data and identify places where 3 further primary data collection is necessary or where modeling needs to fill in 4 information gaps. For example, from the Tanzania Socio-Economic Database we were 5 able to get population statistics at a coarse district level. From the Center for 6
International Earth Science Information Network (CIESIN, 2005) we could get a 7 modeled surface of the population of Tanzania on a 2.5 arc-minute grid. However, this 8 layer showed people living within Nature Reserves, which we know from direct 9 observations to be incorrect. Here, our inventory process identified a crucial layer of 10 spatial information that needed improvement. 11
12
This step also helped to identify three focal river basins for fine-grained analysis and 13 fieldwork: the Sigi Basin (draining the Usambara Mountains), the Ruvu Basin (draining 14
As an example, in the EAM we have been measuring carbon storage at different 1 elevations and within the vegetation of different land cover types, to develop a service 2 production map of carbon storage. In addition a sub-set of plots has been monitored for 3 3 years to assess rates of carbon sequestration. One of the difficulties here is the fact that 4
we often measure phenomena where they are most obvious -in this case, measuring 5 carbon in forests containing many large trees. At the inventory phase we realized that the 6 majority of previous research quantifying the carbon density of vegetation in the EAM 7 has taken place in the high carbon storage montane forests, with little work done in 8 woodlands, degraded forests, crop mosaics or pure cropland. There is an equally difficult 9 problem to overcome when building hydrological models of service production. Our 10 early efforts to produce a map of "water production" suggested the relatively dry Selous 11 area was important for water production. This error arose because a globally available 12 rainfall surface was extrapolating rainfall across widely spaced meteorological and river 13 gauges, with one gauge in a high rainfall area close to the mountains, and the next in the 14 dry centre of the Selous. The reality, not captured by the models, was a much steeper 15 rainfall decline within a few kilometers of the mountain. Here the task of generating a 16 first-cut map led to a series of insights about our modeling process and identified the 17 need for further data collection. While production maps are unique to individual services 18 a simple overlay will indicate areas on the landscape where a bundle of services may be 19
produced. 20
Next, the service production maps are combined with an understanding of how services 1 spread through the landscape and information on land use and topography to estimate 2 where services flow from their point of production. There are a variety of spatial 3 relationships between where ecosystem services are produced and where the benefits of 4 those services are enjoyed, and therefore individual flow maps could be needed for each 5 service. Some services flow globally, others may only be experienced at their point of 6 production, and some are constrained to flow in a particular direction (Figure 3 ). For 7 example, a forest can only provide water regulation services to areas that are downstream 8 of them. Mapping such flows requires the integration of biological processes (e.g. water 9
uptake by plants) and physical processes (e.g., hydrological networks). One of the 10 difficulties in this stage is that obtaining a fine-scale understanding of flows can require 11 prohibitive amounts of data. For example, our timber production layer tells us where 12 such a benefit is produced, and from extensive transect and disturbance data (see Table 1 ) 13 we know how much 'flows' from our forests, but mapping exactly where the good 14 'flows' across the landscape requires extensive fieldwork and market surveys. In order to move from potential flows to realized flows of benefits we next need to have 5 an understanding of where people are on the landscape and whether they utilize these 6 flows. The concept of ecosystem services is human-focused and therefore only exists if 7 there are human beneficiaries. If there are no human benefits (at any scale) then we are 8 not talking about ecosystem services, but rather ecosystem processes or functioning. 9
Therefore, connecting the flow of services to people who may consume them, i.e. 10 translating potential service flows into benefits, is a necessary step. given catchment. It is likely that the models used to integrate across services will be 20 pared-down versions of the individual service models. 21
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After understanding where services are produced, how they flow and who benefits from 2 their flow, the next layer needed is one that gives a magnitude to the importance of that 3
benefit. This is what we consider a value layer. Probably the most common metric of 4 value for ecosystem service research is monetary, but alternative evaluation layers may 5 be constructed incorporating for example, indices of human vulnerability. For many 6 services, the value of a given level of service provision will change across the landscape 7 because of geographical variation in either biophysical supply or human demand. For 8 instance, the value of clean water provision will be affected by how wealthy the 9
beneficiaries are; what they use it for; and how scarce or abundant water is across a 10 landscape. In the EAM our dataset for charcoal prices covering 63 locations shows that 11 climate regulation is homogeneous across the landscape, just the market price as its value 17 proxy per tonne of carbon stored. 18
19
A benefit from using monetary valuation across services is that it allows for 20 commensurability in deriving "net" benefits and costs, by bringing each service assessed 21 into a common metric. In Tanzania we are deriving our value layer through multiple 22 methods. For example, we will evaluate the benefits of water provision for irrigation by 23 a production function approach -i.e. assessing the additional productivity and value 1 added to net crop receipts by irrigation water. The values for timber, NTFPs and 2 hydroelectric power services will also be imputed using market prices in a production 3 function approach. Market and household surveys can be a direct way to get at these 4
values, but one thing we have learned from our fieldwork was that our expectations of 5 modeling several similar goods across such a large area were optimistic. For example, 6
we are able to create a list of a few dozen distinct NTFPs. However, many of these are 7 only collected in certain contexts, at certain locales, or under certain conditions (e.g. 8 rainy season). In response to our findings from the market and household surveys we are 9 therefore modeling only the most commonly collected NTFPs -poles, firewood, 10 mushrooms, charcoal, thatch as well as trying to bundle some wild fruits and vegetables. 11
These are products whose production we can attempt to model and to which we can also 12 attribute values, as well as examine potential substitutes in the market place. Therefore 13 we exclude medicinal herbs, honey, fibers for baskets, rope and fodder collection from 14 our modeling. the choice experiment, respondents were asked to choose their most preferred option in 2 each question. The options were described in terms of three attributes (1) the number of 3 unique species saved; (2) the number of non-unique species saved and (3) the donation by 4 the household to enable outcomes to be achieved. The levels for the donation were based 5 on a literature review and pre-testing. By varying the attribute levels across the options 6 and modeling how this affects choices we were able to estimate willingness to pay for 7 total changes in wildlife conservation, as well as for changes in the individual attributes. possible acquisition costs, and any damage costs that might be incurred (Naidoo et al.,baboons and bushpigs. In the EAM, the opportunity costs of conservation are found by 1 examining the profitability of the foregone farming and fuel collection opportunities. For 2 example, in some districts of the EAM up to 95% of the people are either employed in 3 agriculture or are subsistence farmers, meaning that any further designation of restricted 4 land use could directly affect opportunities for agricultural expansion. We have found 5 that, on the district scale, the agricultural opportunity costs of conservation vary widely 6 (NPV $400/ha-$8000/ha), and that by including the profit foregone from charcoal 7 production (in the case of a woodland being converted first for charcoal and then 8 agricultural use) the opportunity cost can increase by 12-167% (b.fisher unpublished 9 data). An extensive field survey showed that variation in yield between farmers and 10 across years makes it difficult to model opportunity costs at a fine scale using data from 11 household surveys, which means these costs will likely be modeled at a coarser scale 12 such as the ward level (i.e. several villages). 13 
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Another difficulty we have faced with modeling costs is the availability of data regarding 15 the management and implementation costs of conservation. In some contexts this type of 16 information might be readily available, but in our EAM project it requires a concerted 17 effort to collate data from online records, government reports in scattered locations, and 18 interviews with government staff. The range of different governance types which are 19 used to manage the landscape also make it difficult as understanding the costs needed to 20 manage a central government administered Nature Reserve will require different data-21 acquisition strategies than, say, those bearing on the management of a village-based 
Scenario Building 9 10
The above steps all involve modeling phenomena that are dynamic and will change under 11 different possible futures. Exploring the possible consequences of such change is vital if 12 an understanding of ecosystem services is to be useful to decision-makers. They need to 13
know not just about the gross values of services delivered from a particular area but about 14 the likely net differences in value (incorporating costs as well as benefits) arising from 15 the decision confronting them (say, to sanction a forest to be converted or not). 16
Understanding these values spatially can help to understand how to optimize a landscape 17 for a given goal (e.g. net benefit return), aid in comparing alternative policy impacts, or 18 highlight potential future changes driven by different potential futures. given the knowledge and assumptions on which it is based. When done thoroughly 5 scenarios can guide policies towards specific end goals such as increasing human welfare 6 or equity (Turner, 2005) . Scenario building has become an important part of multi- Our scenario-building process continued with more formal descriptions of how the 8 storylines impact on different sectors (agriculture, water supply, tourism, forestry and 9 population). The sectoral impacts were then translated down to ordinal-level impacts on 10 specific human-environment interactions (e.g. "large increase in area under agriculture"). 11
Finally, further discussion established a series of rules for translating these ordinal scores 12 into changes in our mapped surfaces (Swetnam et al., 2010) . So in the case of a large 13 expansion in agriculture we needed a rule for establishing the location and magnitude of 14 this expansion, and so considered that agriculture expands in areas abutting existing 15 agricultural land until the threshold prescribed in the storyline is met (e.g 10% increase in 16 agriculture). Once such mapped outputs have been generated they can then be used as 17 revised inputs to the layers in figure 2 , thereby generating descriptions of the plausible 18 gains and losses that may be incurred by specific future courses of action. $50/tCO 2eq ) (Tol, 2005) that are all readily available and defensible under differing 23 assumptions. For our example, however, we will forego appending a value to the carbon 1 and discuss the important underling issues further below. 2
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For the cost layer we created an opportunity cost based on the net rents from the top five 4 crops grown in the Lushoto and Kilolo districts where the reserves occur (Shagayu and 5
Image, respectively) based on the average crop yield and regional market price (NPVs 30 6 years r=10%). We also added the foregone benefits of charcoal production specific to 7 the forests in these districts that are converted under our scenario. These costs are just an 8 approximation of the opportunity costs at these forest reserves, because for one, they are 9 based on district values. We also added management and implementation costs for 10 managing a carbon-offset project for the projected converted areas (proxy for managing 11 the forest reserves) (Borner and Wunder 2008) . Specifically, the opportunity cost was 12 calculated as: 13
Where O x is the opportunity cost of conservation in x. a ix is the area planted with crop i in 17 When we add up the costs of conserving the forest reserves (countering the conversion 7 scenario) we get values of $10.6 million ($2200/ha) and $5.6 million ($1660/ha) for the 8 Shagayu and Image reserves respectively. In the conversion scenario, from our modeling, 9
we know that the Shagayu and Image Forest Reserves lose 1.4 and .9 million tonnes of 10 carbon respectively. Here rather than applying a value to each tonne of carbon we can 11 simply calculate the necessary price of carbon in order to offset the opportunity and 12 management costs of maintaining the two forest reserves, based on this stylized example. 13
The breakeven carbon price for the Shagayu Reserve is $2.06/tCO 2 , meaning that a 14 carbon price set at that level could compensate the costs incurred in continuing to 15 conserve that landscape. Similarly, the breakeven carbon price for the Image Forest 16
Reserve is $1.70/tCO 2 (see table 3 ). The knock-on policy question is whether these 17 carbon payments can be realized. 18 
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This example looks at just one benefit (carbon storage), two costs (opportunity and 20 management costs) and one scenario. A more comprehensive assessment of the 21 conversion costs and benefits of theses two forest reserves would incorporate a fuller 22 suite of ecosystem services including water regulation, pollination, and other NTFPs. 23
Additional costs not accounted for here include soil depletion, damage costs, and some 1 measurement relating to how conversion or conservation might affect market prices of 2 agricultural and timber products. However, even this simple example illustrates our 3 approach, and provides insight on the partial costs and benefits of conservation v. 4
conversion. The example also points out the spatial aspect of production, costs and 5 benefits as they differ greatly between the forest reserves. Further, these reserves were 6 selected because they are similar in size, but set in contrasting locations. The Shagayu 7 occurs in the heavily populated Usambara Mountains, while the Image is located in the 8 sparsely populated Udzungwa Mountains. This distinction is critical if we were not 9 concerned simply with the value of carbon, but rather with how many people would be 10 impacted by foreclosing their option to convert forest into agriculture. In this case the 11 stakeholders who benefit from carbon storage are largely global, while those paying the 12 greatest share of the costs are local. Table 3 people. The latter might be more plausible politically and potentially more easily 18 compensated. Alternatively, they could see these population disparities as pressures and 19 an argument that by protecting the Shagayu they are demonstrating additional carbon 20 saved in the face of a greater conversion threat. 21
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The simple example of our approach allows us to consider multiple policy or 2 management options in the face of a changing landscape, but in the future will enable 3 such decision-making on an analysis of several services, multiple costs and a suite of 4 scenarios, delivering an added depth of information to the decision-making process. have encountered in our own case study work, we have also been able to suggest some 19 routes to overcoming these impediments. 20
21
Our approach was designed to address the impacts of different policy options on 22 ecosystem services and their role in providing human well-being. It is intimately 23 concerned with equity issues, in that a key output is a map of the relative winners and 1 losers of various different future scenarios and policies. We also see it as a general 2 approach, which can be applied at various scales and with varied levels of input detail. Osvaldo, E. S., Chapin III, F. S., Armesto, J. J., Berlow, E., Bloomfield, J., Dirzo, R., 10 Walz, A., Lardelli, C., Behrendt, H., Grêt-Regamey, A., Lundstrőm, Kytzia, S., Bebi, P., 
